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SOFT MAGNETIC COKE IK A CLOSED ELECTROMAGNETIC CIRCUIT 

\ 

Technical scope 

The present invention relates to a soft magnetic core in an electromagnet! 
circuit. 

State of art 

Cores for transformers, certain types of motor and other electromagnetic 
circuits are traditionally made from soft magnetic material in the form cf 
sheet cutouts or tape cores or from sintered material (ferrite), whereby 
a part of the closed magnetic circuit is encompassed by a winding. That 
part of the sheet package (magnetic circuit) which is not encompassed by 
the winding has at least the same area as the part which is encompassed by 
the winding. As the coil is wound above only a part of the form cf the 
core and the winding takes up considerable space, this means that the 
paraliellepiped encompassing the magnetic circuit takes up space along 
the outer circuit which is not utilised, i.e. which comprises neither 
winding nor core. 

As a result the capacity of such magnetic circuits as a function of 
volume is not optimal, since parts of the volume are utilised neither for 
the winding nor the core. 

Inasmuch as it is precisely increased volume of winding and increased 
area of the magnetic circuit which give rise to increased capacity, the 
non-utilised space must be used for the magnetic circuit or winding if the 
capacity as a function of volume is to be increased. 

The specified aim is achieved by mcdifying the shape of the core so 
that vacant space is taken care of. 

Such technology is employed according to the Swedish pater.t 
specification 69233* according to which vacant space in a transformer for 
3- phase current has been taken care of by two packages of sheet cutouts 
being placed at right angles to the core stacks, thus causing the core 
stacks to be magnetically connected. 

Particulars cf the invention 

In order to increase the capacity per unit cf volume use is therefore made 
of tne inventive idea of utilising the volume which with traditionally 
designed magnetic circuits is unutilised and placing the core within the 
circuit. Claims t-4 comprise, according to the invention, cores consisting 
of sheet cutouts in which the non-utilised space is taken care cf inasmuch 
as the flux area in the outer circuit is modified by reducing, in first 
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sues-, cutouts, the flux ares in the sheet cutouts with closed circuit locr. 
and ir. compensating the reduction by increasing the flux area in seconc 
sheet cutouts connected parallel to first sheet cutouts in the outer circuit. 

The invention according to ciair. 5 entails the following advantages 
by comparison with the Swedish patent specification: 

If the area of the outer circuit is half as large as that cf the inner 
circuit half the magnetic flux passes, in conventional manner, through the 
first sheet, thus causing the reluctance tc be lower. 

This design entails a lower number of components and makes it possible 
better to meet the requirements as regards dimensional accuracy of the air 
gap. Furthermore, the core design cf the first part makes it easier to 
stay within the positional tolerances specified for coil formers and the 
core, thus facilitating assembly at the specified location and mechanisation 
of the production process. The fact that there is more waste is less 
important considering the advantages when producing cores with reduced 
dimensions in relatively large numbers. 

As can be seen, claims 1-5 solve problems cf the same type as patent 
specification 89233 but in a different manner and also in a different 
sphere. Claims 6-9 relate to electromagnetic circuits with tape cores. 
Also in this case non-utilised space is taken care of, at least in part. 
The technical effect is achieved by combining parts of tape core with 
magnetic joints, not in conventional manner by means of surfaces at right 
angles to the longitudinal direction of the core tape but by the side edges 
cf taps sheets forming part of C-shaped tape core bodies. Furthermore, 
with cores in accordance with claims 7 and 8, the shape of the inner circuit 
is novel from the point of view of tape core technology. 

Cn the other hand, the modification of the configuration of cores 
according to claim 9 entails, by comparison with conventional tape core 
shapes, a modification cf the flux area in the outer circuit. 

Since the direction of the magnetic flux when making use cf C-shapec 
core parts, the parts of which bent towards the side extend forward 

ceyond the ends of this coil, is both in the longitudinal direction cf the 
tape and at right angles to the latter, the structure cf the material in 
these core parts need net be oriented. 

The same types cf core with high capacity per unit cf volume as are 
used with soft magnetic cores consisting cf sheets are used according to 
claim- 1i-12 for cores made from sintered soft magnetic ferrite material, 
these being comparable, as regards high capacity r>er unit cf volume, with 
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the so called X-cores,'^ which are also made iron sintered material. . 

Description cf figures 

The invention is described in detail below, with reference tc figures i - ] 1 
relating to embodiments fcr transformers and a motor • The figures refer 
to cores but also coils are mentioned by the way. 

In general no reference is made to the problem brought about owing tc 
the need cf arrangements for mounting the electric magnet on a holder or j. 
pattern card. No mention is made either as to how different sheet elements 
are held together at the specified location. It is suggested that this may 
be done by means cf laser welding, which entails minimal welding seams and, 
as a result, minimum impairment of the structure of the material. As a 
result, there is no need for cumbersome arrangements in order to ncld the 
sheet elements together at the specified location. Nor is there, in genera 
given any indication what measures are necessary in order to achieve tne 
required air gap in the magnetic circuit. Sintered soft magnetic cores are 
joined by gluing and other methods. 

Figures i-5 relate to cores consisting of sheet cutouts and to claims 

1-5. 

Figures 6-9 relate to tape cores and to claims 6-10. 
Figures 10-11 relate to cores of sintered, soft magnetic ferrite 
material and to claims 11-12. 

Embodiments 

Figures i-ii illustrate claims i-12. 

Figure j shows sheet cutouts referred to as first sheet cutouts 
according to claim 1 , the surface of which is reduced by comparison with 
conventional types within the outer circuit, within the confines between 
the dash-dot lines and the fully drawn lines. 

Figure 2 shows a sheet cutout package consisting of first sheet 
cutouts ( ( ; with reduced surface round about, which are assembled with two 
sheet cutout packages consisting of second sheet cutouts (2) or a tape core 
(5)» as a result of which the reduction of the core area of the first sheet 
cutouts/outer part has been compensated. 

Figure 5 relates to first sheet cutouts (l) with reduced surface at 
the outer part and second sheet cutouts (2;, as a result of which the 
reduction of the core area of the outer part of the first sheet cutouts 
has been compensated. 

Figure shows a sheet cutout pacKage consisting cf first sheet 
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cutouts v ; assembled with f.vc sneet cutout packages consisting cf seconc 
sheet cutouts (2) and two sheet cutout packages consisting of third sheet 
cutouts (7). The third sheet cutouts (7) conduct the magnetic flux from 
the first sheet cutouts ( i ) to the second sheet cutouts (2) and cause the 
reluctance to be low. 

Figure 4B shows examples of various forms cf third sheet cutouts (6-1 l; 
and different ways of conducting the magnetic flux from the ends of the 
inner part of the first sheet cutouts (4) to the second sheet cutouts (5) 
or to tape cere (6), so as to cause the reluctance to be low. 

Figure 4C shows a traditionally designed motor comprising a core 
with only one type of sheet cutout (12). 

Figure 4D shows a motor of the same capacity designed with a core 
according to the claims, the volume of which is lower. 

Sheet cutout (13) has the same area within the inner part, zone A, 
which is encompassed by a coil, but it has half the area within zone r 
and zone C. Sheet cutouts (14; in the outer circuit are assembled parallel 
to sheet cutouts (13), as a result of which the reduction of area within 
zones Band C is compensated. Sheet parts (15) conduct the magnetic flux . 
from sheet cutouts (13) to sheet cutouts (14) and cause the reluctance to 
be low. 

Figure 5A shows a package of sheet cutouLs (i) with reduced surface 
A and E in the outer part assembled with sheet cutouts (2) or (3), as a 
result of which the reduction cf the core area is compensated. 

Figure 5B shows a package of sheet cutouts (4) with reduced surface 
C and I in the outer part assembled with sheet cutouts (5), as a result of 
which the reduction of the core area has been compensated. 

Figure 6 comprises a core unit with two C- shaped tape core parts (1), 
the inner part of which is encompassed by a coil. 

The outer parts of the core unit are connected by one or two tape core 
parts (2) or a C-shaped package of sheet cutouts (4). The C-shaped tape 
core parts (1) may be in two sections with an air gap or undivided, if the 
latter are undivided, the coil former must be in two sections. Alternatively, 
the coil former may be injection-moulded with C-shaped core parts in the 
mould. 

Figure 7 comprises magnetic cores with two coils, but the same 
technology may be applied to magnetic circuits with three coils, for 5- phase 
current, as well as fcr four coils and a greater number of coils. According 
tc the figure, the. core comprises two units each with two C-shaped tape core 
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parts (,} and each eripompassed by a coil. The outer circuit of the unit:: 
is magnetically connected by means cf two sheet cutout packages with 
retangular sheet cutouts (6). 

Figure 8A shows a magnetic circuit with twc coils comprising, cr. the 
one hand, a conventional tape core (2), whereby each of the inner parts 
cf its two parallel core parts is assembled in a coil together with a 
first C-shaped tape core part (l) and two sheet cutout packages (5) 
magnetically connecting the first core parts (1) with one another. 

Figure 8B shows a second core with three inner parts (three coils), 
twc conventional tape cores (2) and two first C-shaped tape core parts (i,. 
Four or twc sheet cutout packages (4) magnetically connect the first tape 
core parts (1) with one another. 

In figures 8A and 8B dot-dash lines indicate the contours of 
ccnventional types of tape core. 

According to figure 9, a package of rectangular sheet cutouts is 
placed between the tape core parts of the inner parts, as a result of 
which the area of the inner part is increased. 

Figures 10-11 show core types made from sintered soft magnetic ferrite 
material. In figures 10, 1 1A and 11B dot-dash lines indicate the contours 
of conventional core types. 



Claims 



soft 



A soft magnetic core in a closed electromagnetic circuit comprises one 
cr two inner parts encompassed by winding and at least one cuter part 
wnich is not encompassed by winding characterised in 
tnat the core comprises a package of sheet cutouts consisting c: 
magnetic material and constituting first sheet cutouts (;, and 1 
with at least one sheet cutout constituting at least one closed circuit 
loop, whereby one cr two circuit parts referred to as the inner part 
are encompassed by at least one winding and in that at least one part 
of that part of the sheet cutouts which is not encompassed by the 
winding and constitutes the outer circuit referred to as the outer part 
has a smaller flux area than the inner part, 

in that to that part of the outer part of the first sheet cutouts which 

nas a smaller cere area than the inner oart are connected 

constituting second sheet cutouts (2, 5 and U) mounted on at least one 
side of the package with the first sheet cutouts parallel and tight 
against that part of the first sheet cutouts which has a reduced area 
and, as a result, that the combined area within that part of the core 
is increased to the required extent, 

in that to that part of the outer part of the first sheet cutouts which 
has a smaller core area than the inner part is connected, alternatively 
instead of the second sheet cutouts, a wound tape core which is closed 
and of rectangular ring shape (3, 6) or C-shaped and mounted at least 
on one side of the package with the first sheet cutouts parallel and 
against that part of the first sheet cutouts which has a reduced area 
and, as a result, in that the combined area within that part of the 
core is increased to the required extent. 

A soft magnetic core according to claim j, characterised 
in that the first sheet cutouts (i) comprise one or two parallel inner 
parts whicr. are joined together by outer parts so that the entire outer 
part has the shape of a closed rectangular frame, 
in that the second sheet cutouts (2) have the shape cf a closed 
rectangular frame consisting of closed sheet cutouts or cf laminate- 
d«aign or consisting of complementing sheet cutout warts jointly 
forming a rectangular frame, 

or in that, instead of the second sheet cutouts, a closed tape core cf 
rectangular ring shape (5) is fitted. 
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5. A soft magnetic cc^e according to claim i, characterised 
in that the first sheet cutouts (l) comprise only one inner part 
encompassed by winding and joined together by only one C-shaped outer 
part and in that the second sheet cutouts (2; which are connected to 
the outer part of the first sheet are C-shaped, 

or in that a C-shaped tape cere part is fitted instead of the second 
sheet cutouts. 

4. A soft magnetic core according to claims 1, 2 and 5, character- 
ised in that the core comprises, in addition to first sheet cutouts 
(1, 4 and 13) and second sheet cutouts (2, 5, 6 and 14), at least two 
sheet cutout units, referred to as third sheet cutouts (7-11, 15) placed 
at right angles against the first and second sheet cutouts and 
magnetically connecting the ends of the inner part cf the first sheet 
cutouts with the outer part of the second sheet cutouts, 

5. A scft magnetic core in a closed electromagnetic circuit comprises at 
least two inner parts encompassed by winding and at least two outer 
parts not encompassed by winding, characterised in that 
the core comprises a package of sheet cutouts consisting cf soft 
magnetic material constituting first sheet cutouts (1, 4) with at least 
one sheet cutout constituting at least one closed circuit loop, whereby 
at least two circuit parts referred to as the inner part are each 
encompassed by at least one winding and in that at least one part of 
that part of the outer circuit of first sheet cutouts which is not 
encompassed by winding, the so called outer part, has a smaller flux 
area than the inner part, 

in that to that part of the outer part of the first sheet cutouts the 
core area of which is smaller than the inner part is connected at least 
one package of sheet cutouts referred to as second sheet cutouts (2, 5 
and 5), the shape of which is a rectangular closed ring, or a part 
thereof which is mounted at right angles in relation to the sheets of 
the first sheet cutouts, 

in that the second sheet cutouts encompass with their inner edges that 
part of the first sheet cutouts the flux area of which is smaller than 
the inner part, as a result of which the combined area within the cuter 
part is increased to the required extent, 

or in that second sheet cutouts are designed in so called laminated 
manner from at least two complementary sheet parts. 
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c- A soft, magnetic core in 3-. closed electromagnetic circuit ccmrrises cz 
ieast one inner part encompassed by winding and consists cf tv;c parts 
of wound tape core of soft magnetic material with at least one turn, 
whereby the parts are placed with the sheet sides turned towards one 
another and at least one cuter part not encompassed by winding," 
characterised in that each of the tape core parts of tne 
inner part located within the coil is a part of a tape cere body in 
the shape of a closed rectangular frame and consists of a straight 
part and twe angularly bent parts at the ends cf the straight part, 
or in that at least one cf the tape cere parts of the inner Dart is 
subdivided by a plane at right angles to the longitudinal direction of 
the tape core part within the longitudinal extent of the inner part, 
in that two tape core parts as described above are placed with the 
sheet sides turned towards one another and with the four aneularlv 
bent parts constituting a part of the outer part directed outward in 
opposite directions, 

in that the two sheet core parts as above are referred to as the first 
sheet core unit (l), 

and in that in addition at least one second core part (2, 4, 5 and 6) 
joins together the above outer parts of the first tape core unit by 
means of at least two magnetic joints with the side edges of the tape 
sheets pertaining to the first tape core unit. 

7. A soft magnetic core according to claim 6, characterised 
in that the core comprises at least one first tape core unit (l) the 
inner part of which is enccmpassed by winding and the outer narts of 
which are magnetically connected, at least on one side of the side 
edges cf the core sheets pertaining to the outer parts of the tape core 
unit cf at least one second C-shaped tape core part (2, 5) with the 
cross-sectional area of the tape core sheets pertaining to the second 
tape core part, said cross-sectional area being at right angles to the 
longitudinal direction of the tape core, or of at least one second 
package of sheet cutouts (4) shaped as half of a rectangular ring. 

5. A soft magnetic core according tc claim c, characterised 
in that the core comprises at least two first tare cere unite (i^. the 
inner parts of which are encompassed by winding while the side edges 
of the inner part's tape sheets are turned towards one another and in 
that the outer parts of the first tape core units are connected by 
magnetic joints with tne side edges cf the tape sheets pertaining to 
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the first tape core'^units ci at least two other cere parts (c : in the 
form of sheet cutout packages , each with at least one sheet cutout. 
5. A soft magnetic core in a closed electromagnetic circuit comprises at 
least two inner parts each consisting of two parts of wound tape core 
with at least one turn, whereby the parts are placed with the sheet 
sides turned towards one another and are encompassed by winding and at 
least two outer parts which are not encompassed by winding, 
characterised in that one of the two tape core parts 
located within a coil of the inner part is a part of a tape core body 
having the shape of a closed rectangular frame and consists of a 
straight part and two parts angularly bent at the ends of the straight 
part and referred to as the first tape core part (i), 
or in that the first tape core part (1) is subdivided within the 
longitudinal extent of the inner part by a dividing plane at right 
angles to the longitudinal direction of the tape sheets pertaining to 
the tape core part, 

in that the first tape core part (l) is placed in a first coil together 
with a first inner part of a first conventional tape core (2), with the 
sheet sides turned towards one another, whereby the angularly bent parts 
extend forwards beyond the ends of the coil and are turned away from 
the conventional tape core and constitute a part of the outer part, 
in that a second tape core part such as the first tape core part 
referred to as the second first tape core part (1) is located in a 
second coil together with the second inner part of the first conventional 
tape core (2), with the sheet sides turned towards one another, whereby 
the angularly bent parts of the first tape core part which extend 
forward beyond the ends of the coil are turned away from the second 
inner part of the first conventional tape core (2) and have a direction 
opposite to the outer parts of the first tape core part and constitute 
a part of the outer part, 

in that the bent parts of the first tape core part (l) and the second 
first tape core part (1J which extend forward beyond the ends cf the 
coil and are turned away from one another are connected by at least four 
magnetic joints of at least two sheet cutout packages ( 1 ) with not less 
than one sheet, at least on one side of the bent tape core parts at 
either side of the coil ends, with the side edges of the tape sheets 
pertaining to the first and second tape core parts, 
or in tnat the soft magnetic core in an electromagnetic circuit 
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comprises two conventional lape ceres (2^, one first -cape core part ( , 
and =l second first tape core part (]) and three inner parts, whereby 
the first inner part comprises the inner part of the first tape core 
part (1) together with the first inner part cf the first conventional 
tape core (2), the second inner part comprises the second inner 'part 
cf the first conventional tape core (2) and the first inner part of 
the second conventional tape core (2) and the third inner part 
comprise the second inner part of the second conventional tape core 
(2) together with the inner part of the second first tape core part 
(l), all the inner parts being mounted with the sheet sides turned 
towards one another, 

in that the bent parts cf the first tape core part (l) and the second 
first tape core part ( i ) which extend forward beyond the ends of the 
ceil are turned from one another and are connected with one another by 
at least four magnetic joints of at least two sheet cutout packages (4; 
with not less than one sheet, at least on one side cf the sheet core 
parts as described above on either side of the coil ends, with the side 
edges of the tape sheets pertaining to the first and second tape core 
parts . 

10. A soft magnetic core according to claims 6-9, characterised 
in that the core comprises, in addition, at least one package of 
rectangular sheet cutouts (4) with at least one sheet cutout consisting 
of soft magnetic material which has the same total width and height as 
the tape core parts and in that the rectangular sheet cutouts (4) are 
located between tape core parts parallel with the sheet sides cf the 
tape core parts. 

11. A soft magnetic core consisting of sintered, soft magnetic ferrite 
material in a closed electromagnetic circuit comprises one inner part 
encompassed by winding and an outer part which is not encompassed by 
winding, whereby the inner part comprises a stack with rectangular or 
circular cross-section and an outer part of rectangular cross-section, 
extends beyond the ends of the coil, connects the ends of the inner 
part and has the shape cf half a rectangular frame, character- 
ised in that the outer part extends beyond the stack in the 
direction at right angles to the extent of the outer part and the 
centre line of the inner part and is wider than the cross- section of 
the inner part (stack) at least on. one side of the stack and the outer 
extent is delimited by at least one outer sice plane. 
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in that the space between the outer side plane or the side plane cf the 
outer part which extends beyond the stactc and the inner part cf the 
stack is comprised by the winding and in that the outer side plane is 
parallel* 

i2.A soft magnetic core cf sintered soft magnetic ferrite material in a 
closed electromagnetic circuit comprises at least twc inner parts 
encompassed by winding (coil) and at least two outer parts which are 
not encompassed by winding, whereby the inner parts consist cf parallel 
stacks of rectangular or circular cross-section and the outer parts 
have a rectangular cross-section extending beyond the ends ci the coil 
and connecting the ends of* the inner parts which are turned in the same 
direction, characterised in that the outer parts are 
formed as a flat rod part which is at right angles to the stack of the 
inner parts and to the plane connecting the centre lines of the stacKs, 
in that the outer parts cr the inner parts are wider in the direction 
at right angles to the plane connecting the centre lines of the stacks 
and the cross-section of the inner parts (stacks) on one side of the 
stacks in the direction at right angles to the plane connecting the 
centre lines of the stacks at least on one side of the ends of the 
stacks, 

in that the outer parts which are wider than the inner parts are 
delimited by an outer side plane parallel to the plane connecting the 
centre lines of the stacks and in that the space between the outer 
side plane and the outer part which is wider than the stacks and the 
stacks cf the inner parts comprise a winding • 
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